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Experimental  Simulated  Plasma  Results  on 

Base- Mounted  Antennas 


1.  INTRODUCTION 


The  passage  of  reentry  vehicles  into  the  atmosphere,  from  the  moment  of 
actual  reentry  at  some  high  altitude  until  mission  accomplishment  at  a  lower  alti¬ 
tude.  presents  a  multiplicity  of  problems.  Some  of  these  problems  are  unique  to 
a  specific  mission;  others,  like  plasma  formation,  are  present  for  all  reentry 
vehicles  though  in  varying  degrees  of  severity.  Types  of  solutions  to  plasma  prob 
lems  are  also  varied,  depending  upon  the  particular  reentry  vehicle  and  its  mis¬ 
sion.  For  example,  the  Trailblazer  II  project  !*  2*  3  attacked  the  problem  of  radio 
blackout  caused  by  the  formation  of  a  plasma  sheath  around  the  reentry  vehicle, 
thereby  '  blacking  out"  communications  between  ground  and  the  vehicle.  A  two¬ 
fold  investigation  evolved:  one  phase  dealt  with  actual  flight  experiments  and  the 
other  phase  with  simulated  plasma  conditions  in  the  laboratory. 


(Received  for  publication  14  July  197  6) 

1. 


Hayes,  D.  T.  et  al  (1972)  Preliminary  Report  on  the  1 
Alleviation  Flight  of  28~JuIF197i!.  AFCRL-72-0540 


Trailblazer  II  Chemical 


2*  L™'i  .(1973)  Trailblazer  II  Rocket  Tests  on  the  Reentry  Plasma  Sheath: 


Nr  i_-i  t~»  *  - - — —  **  Acoto  yj  n  me  He  entry  I 

ggcle  Performance  and  Plasma  Predictions  Flights  1-3,  a'FCRL-TH -73 ■ 


3'  Ka™!L!\u  k-]T-TiL and  Flight  Results  of  the  Microstrip  piasma 


Similarly  the  problems  associated  with  the  arming  and  fuzing  of  airborne 
vehicles  under  reentry  environmental  conditions  can  be  attacked  either  by  gather¬ 
ing  data  from  flight  experiments  or  from  simulation  of  flight  conditions.  This  re¬ 
port  presents  experimental  laboratory  data  concerning  the  effects  of  a  simulated 
plasma  environment  on  patterns,  impedance,  and  voltage  breakdown  levels  of  base- 
mounted  antennas.  The  antenna  configurations  tested  were:  (1)  flush  mounted 
annular  slots,  and  (2)  J-slots. 


2.  FLUSH  MOUNTED  ANNULAR  SLOTS 


The  descriptive  designation  of  "windowless  antennas"  is  applied  to  those  an¬ 
tennas  which  exhibit  the  phenomena  of  radiating  most  of  their  energy  in  a  direction 
opposite  to  that  faced  by  -the  radiating  aperture.  One  of  such  a  group  of  antennas 
(consisting  of  two  annular  and  one  rectangular  cavity -backed,  dielectric-filled  flush 
mounted  slots)  is  shown  in  Figure  1.  Investigation  into  pattern  shape,  bandwidth, 
impedance,  and  gain  on  similar  shaped  slots  (though  air  filled)  was  conducted  by 
General  Electric,  Figure  2  shows  the  cone  dimensions  in  terms  of  the  operat¬ 
ing  frequency  and  Figure  3  shows  the  feed  circuit.  This  feed  circuit  was  phased 
and  the  power  divided  between  the  antennas  in  such  a  way  as  to  obtain  nose -on 
coverage  and  an  aft -on  null.  In  the  nomenclature  of  mode  operation  (in  which  an 
annular  slot  on  an  axisymmetric  body  can  be  excited  by  various  azimuthal  modes 
having  field  variations  of  the  form  cosnO,  or  a  combination)  the  antennas  were 
operated  in  the  n  =  1  mode.  Specifically,  as  shown  in  Figure  3,  the  source  power 
was  first  evenly  divided  (power  divider  1)  with  one  arm  fesumg  the  linear  slot  and 
the  other  arm  feeding  another  power  divider  (power  divider  2)  which  in  turn  evenly 
split  that  power  between  the  two  annular  slots.  Variable  phase  and  attenuation 
controls  were  inserted  in  the  linear  slot  arm  to  adjust  for  maximum  depth  of  null 
in  the  aft -on  direction  of  the  cone,  and  also,  180°  phase  shift  was  inserted  between 
the  arm  feeding  the  two  annular  slots.  All  of  the  patterns  (linear  horizontal  polari¬ 
zation)  taken  of  this  antenna  grouping  were  principal  E-plane  cuts  in  which  the  nose 
cone  itself  was  oriented  axially  parallel  to  the  ground  with  the  linear  slot  oriented 
vertical  to  the  ground  (see  Figure  4). 


4. 


5. 


Goldman,  R.  H.  et  al  (197  2)  V'indowless  Antenna  Design  Study.  General  Elec¬ 
tric  Rpt.  ,  No.  7 2SDR2003j  Reentry  &  Environmental  Systems  Div, 
Philadelphia,  PA  19101. 


Kinkead,  W.  K.  and  Sosin,  W.L.  (1976)  Hardened  Base  Antenna  Program  Vol- 

umel.  Air  Force  Rpt.  No.  SAMSO  TlT=7ti-Bl;  GE  Rpt.  No.  7  5DR2055, - 

mol  &  Environrnental  Systems  Div.,  3198  Chestnut  St.,  Philadelphia,  PA 
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Figure  1.  Cavity  Backed,  Dielectric  Filled  Slots  Mounted  in 
Base  of  Cone 


L  LENGTH  OF  CONE 


D  DIAMETER  OF  CONE 

A  WAVELENGTH  OF  OPERATING 
FREQUENCY 


MCTAL  CONE 


ANTENNAS 


Figure  2.  Nose  Cone  Dimensions 


ANNULAR 


RECTANGULAR 


Figure  3.  Feed  Network  for  Slot  Antennas 
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J-SlOl 
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A»  stated  the  production.  reentry  vehicles  undergo  severe  environmental 
conditions  and  one  eonseguence  la  the  possible  degradation  or  antenna  performance 
a  crucial  periods  of  the  flight  thus  causing  failure  of  the  mission.  The  problem 
of  overcoming  detrimental  performance  of  vehicle  antennas  can  be  attacked  either 
by  studying  the  environmental  effects  during  active  flight  experiments  or  simulating 
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the  effects  of  some  particular  environmental  aspect  in  the  laboratory.  6  All  the 
data  in  this  report  stems  from  the  experimental  condition  in  which  the  radiating 
antennas  were  hooded  by  flared  metal  flanges  (see  Figure  5)  which  simulated  an 
overdense  plasma  condition.  The  flared  extensions  (both  inward  and  outward  from 
the  rim  of  the  base  of  the  conel  ranged  in  length  from  1  to  4  in. ,  however,  only 
those  results  are  shown  in  which  significant  changes  occurred  between  different 
length  flares.  The  first  presentation  of  data  will  be  concerned  with  the  effect  of 
metal  flared  flanges  on  the  radiation  pattern  of  the  flush  mounted  slot  antenna 
system.  All  the  pattern  levels  shown  in  this  section  and  the  next  have  been  nor¬ 
malized  to  the  gain  of  a  half-wave  dipole  radiating  in  free  space. 


W  3/64  INCH 

Figure  5.  Simulation  of  an  Overdense  Plasma  by  Metal  Flares 

Figure  6  shows  the  effect  of  a  2-  and  4-in.  metal  flange  flared  inward,  and  the 
antennas  ted  at  the  center  frequency  (for  this  measurement  and  all  subsequent  ones 
of  900  MHz.  The  aft  null  fills  when  the  2 -in.  flange  is  added,  the  4 -in.  flange  only 
accentuates  the  rise  in  gain.  The  1-in.  flange  had  little  effect.  Somewhat  similar 
results  are  obtained  with  the  2-  and  4 -in.  flange  flared  outward,  as  shown  in 

6,  Informal  document  (1974)  Plasma  Simulation  Measurements  on  Reentry 
Vehicle  Base  Antennas,  The  Aerospace  Corp.  .  FI  Setnindo.  (''aHfnrnia 


'  ;  ■  for  easy  visas!  cpmpsrispn.  lhe  foup  patterns 

V  Th”"'h  th'  "■"*»  ff~*  too  «■•»  in  .he  af.-„„  diroc- 

1  ,h  I  H  a'  ,ha'  S"  haVe  I"  •>*  nail.  To  obtain  a  ,cel,„t- 

the  bandwidth  of  this  antenna  system  tfraapln,,,  a  freqnency  ran  „  show,,  P,B- 

nail  1  T”*  ban,i  Ch"a",0r,al1™  *"  evident  by  the  rapid  filling  „f  the 

.  t  oaeh  the  frequency  increase,!  only  by  5  MHz,  Fiyere  10  illustrate,  that  once 
the  nail  has  been  filled  In.  for  example  by  a  shift  In  freqaency  from  the  center  fre- 
qaency.  then  addition  the  flanqes  on,,  moderately  affects  ,h,  shape  of  the  pattern, 
i-  inaliy  Etqure  „  show,  the  marginal  effects  of  a  freqaency  shift  once  the  fla„ees 
ave  filled  in  the  null.  Conversely,  once  a  frequency  shift  has  destabilized  the 
pa  tern,  further  chanecs  due  to  environmental  conditions  are  minimal.  Effectively 

the  null  ha,  been  destroyed  whether  it  be  from  a  frequency  shift  or  a  plasma  rondi- 
tion. 

Coupling  measurements  were  made  between  the  two  annular  slots.  For  the  data 
shown  in  Table  1  the  rectangular  slot  output  was  terminated  by  a  matched  load. 


Ltard-FUre^'F'ianSs)0^11^  ^  S‘<*  Matched 


—  ' 

COUPLING  (-db) 

— - - - 

Frequency 

(MHz) 

No  Flange 

2 -in.  Flange 

4-in.  Flange 

920 

22.6 

16.  2 

13.  2 

010 

18.8 

13.  0 

10.5 

900 

11.8 

9.  5 

6.5 

890 

13.0 

7.  0 

4.0 

880 

13.  6 

7.0 

3.  0 

For  the  lata  shown  m  Table  2.  the  rectangular  slot  was  covered  by  metal  foil. 


Table  2.  Annular  Slot  Coupling  With  Rectangular  Slot  Shorted 
(Inward  Flared  Flanges)  n 


" 

COUPLING  (-dB) 

Frequency 

(MHz) 

No  Flange 

2 -in.  Flange 

4 -in  Flange 

920 

15.  0 

10.  5 

8.  8 

910 

14.0 

8.  8 

6.9 

900 

13.0 

7.3 

5.2 

890 

13.0 

6.  5 

. 

880 

14.3 

6.  5 

- 
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Radiation  Pattern:  Flush  Mounted  Slots  (2-  and  4 -in.  Out  Flange) 


Radiation  Pattern:  Flush  Mounted  Slots  vs  Frequency  (4 -in.  In  and  Out  Flange) 


Table  3  .hows  the  difference  in  coupling  between  the  annular  slots  when  the 
rectangular  slot  ,a  present  and  when  it  Is  shorted  (effectively  removed). 


An  d  a  (  ouPlinS  Difference  Between  Annular  .Slots 
the  Rectangular  Slot  Matched  and  Shorted 


With 


r— 

Frequency 

(MHz) 

COUPLING  DIFFERENCE 
(±  dB  from  Shorted  Rectangular  Aperture) 

No  Flange 

2-in.  Flange 

4 -in.  Flange 

920 

+7.  6 

+  5.7 

+4.4 

910 

+  4.8 

+  4.  2 

+  3.  6 

900 

+  1.  8 

+  2.  2 

+  1.3 

890 

0.0 

+  0.  5 

|  880 

-0.7 

+  0.  5 

- 

The  final  set  of  data  concerning  these  flush  mounted  slots  are  Smith  chart 
presentations  of  impedance,  as  shown  in  Figures  12,  13,  14  and  15.  The  lower 
frequency  location  can  be  identified  by  the  bright  dot  on  the  upper  end  of  the  im¬ 
pedance  arc.  The  first  two  of  these  figures  shows  the  impedance  vs  frequency  for 
the  rectangular  with  the  two  annular  slots  terminated  in  matched  loads.  The  re¬ 
actance.  for  off  center  frequencies,  is  predominantly  capacitive.  The  third  figure 
(Figure  14)  shows  the  impedance  of  one  annular  slot,  with  the  other  annular  and 
the  rectangular  terminated  in  matched  loads  and  the  fourth  figure  of  this  series 
shows  the  effect  of  the  2-  and  4-in.  in-flanges  on  the  impedance. 


875  -  925  MHz  (2-In.  Flange) 


875  -  925  MHz  (4-In.  Flange) 


Figure  13.  Impedance  of  Rectangular  Slot  vs  Frequency  (With  In  Flanges) 


900  MHz  (2  -  In.  Flange) 


900  MHz  (4  -  In.  Flange) 


900  MHz  (No  Flange)  875 . 925  MHz  (No  F|ange) 

(Other  Annular  Slot  and  Rectangular  Slot  Loaded) 

Figure  14.  Impedance  of  One  Annular  Slot  vs  Frequency  (No  Flanges) 


875  •  925  MHz  (2  -  In.  Flange)  875  •  925  MHz  (4  -  In.  Flange) 

Figure  15.  Impedance  of  Single  Annular  Slot  vs  Frequency  (With  In  Flanges) 


900  MHz  (2  In.  Flange) 


900  MHz  (4  -  In.  Flange) 
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i.  J-SLOTS 


Figure  16.  Seale  Model  Metal  Cone  With  J-Slots 


In  the  search  for  not  only  suitable  antennas  which  can  be  base-mounted  but  also 
forthose  shapes  that  can  be  mere  usefully  utilized  in  the  accomplishment  of  a  mission, 
many  designs  have  been  proposed  and  tested  (that  is.  multiple  stubs,  slot  and  stub 
array,  single  stubs,  and  annular  slots  (see  also  Reference  6]).  Among  the  more 
useful  type  are  those  designated  as  J-slots. 

Figure  16  shows  a  scale  model  cone  and  the  two  J-slots  that  were  used  in  the 
first  phase  of  the  experiment:  gathering  data  on  pattern,  impedance,  and  coupling 
changes  due  to  simulated  plasma  conditions.  The  cone  size  was  the  same  as  that 
shown  in  Figure  2,  the  operating  center  frequency  was  900  MHz  and  patterns  were 
taken  with  the  two  J-slots  oriented  for  linear  horizontal  polarization  (see  Figure  4). 
The  J-slots  can  be  operated  in  two  modes.  For  the  first  mode,  with  nulls  at  0° 
and  180  and  maximum  broadside  radiation,  the  two  antennas  are  fed  in  phase.  For 
the  second  mode,  with  a  null  in  the  aft -on  position  and  maximum  radiation  nose-on, 
the  two  antennas  are  fed  180°  out  of  phase. 


Mgures  17,  18  and  19  are  of  the  antennas  fed  out  of  phase.  As  in  the  flush 
mounted  slots  of  the  previous  section  all  the  power  levels  are  relative  to  the  gain 
of  a  dipole  radiating  in  free  space.  Note  in  Figure  17  that  the  1-in.  ilange  drastic¬ 
ally  fills  in  the  null,  and  that  the  2-in.  flange  further  raises  the  aft -on  gain.  There¬ 
after  the  3 -in.  and  4-in.  flanges  have  only  a  slight  effect.  Figure  18  shows  similar 
results,  the  filling  in  of  the  aft -on  null  as  in  the  previous  figure,  even  though  the 
antennas  were  hooded  by  the  inward  flared  rather  than  the  outward  flared  flange. 
Figure  19  shows  this  similarity  of  effect  by  the  flared  flanges.  The  next  three 
figures  depict  the  antennas  fed  in  phase.  In  Figure  20  the  null  has  been  filled  in 
approximately  10  dB  by  the  2  in.  -flange,  the  gain  has  dropped  between  5  to  7  dB. 
the  half  power  beam  width  (measured  from  the  peak  humps  on  either  side  of  0°)  has 
widened  considerably,  but  the  null  position  has  barely  shifted.  The  4  in.  -flange 
reduces  the  gain  by  approximately  15  dB.  and  the  null  moves  a  few  more  degrees 
from  the  dead  on  null  at  0°.  The  outward  flared  flanges  have  moderately  less  effect 
on  the  overall  pattern  than  the  inward  flared,  as  shown  in  Figures  21  and  22.  Also 
the  drop  in  overall  gain  and  null  filling  is  less.  Figure  22  depicts  these  different 
flange  effects  more  clearly. 

As  can  be  deduced  from  the  design  of  the  J-slots.  a  plasma  buildup  around  the 
rim  of  the  cone  base  significantly  affects  the  antenna  characteristics.  Figure  23 
contains  the  impedance  of  one  J-slot.  as  a  function  of  frequency,  with  and  without 
a  flange.  Note  that  the  2  in.  -flange  seriously  detunes  the  antenna. 

The  coupling  data  between  two  J-slots  (without  flanges)  as  a  function  of  fre¬ 
quency  is  given  in  Table  4.  The  coupling  remains  relatively  constant  within  the 
range  of  the  frequency  run. 

In  addition  to  the  plasma  simulation  explorations,  breakdown  experiments  in  a 
belljar  were  conducted  on  a  somewhat  similar  model  which,  however,  was  scaled 
to  an  operating  frequency  (for  the  J-slots)  of  approximately  1200  MHz.  This  second 
cone  model  (built  under  contract)7  had  a  base  diameter  of  6  in.  (see  Figure  24) 
though  the  cone  angle  remained  at  9°. 


7'  Haw!!Tan'  Ctol  (1975)  C°mparative  Efferts  of  Simulated  Reentry  Wake 

Plasma  on  Three  Base  -  Mounted  Microwave  Antennas.  APCH1  ,-TR  -7  R-flO n 

Aerophysics  Laboratory.  Massachusetts  institute  of  Technology 
Cambridge,  Massachusetts  02139. 
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FED  OUT  of  phase 


Radiation  Pattern:  J-Slots  Fed  in  Phase  (4 -in.  In  and  Out  Flange) 


900  MHz  (No  Flange) 


8  75  •  925  MHz  (No  Flange) 


875  -  925  MHz  (2  -  In.  Flange) 

figure  23.  Impedance  of  J-Slot  vs  Frequency  (With/Without  Flanges) 


Table  4.  Coupling  Between  Two  .J -Slots  (Without  Flanges) 


Frequency  (MHz) 


Coupling  (-dB) 


SHIELD 


INITIAL  BREAKDOWN  LOCATION 


Figure  24.  Scale  Model  Metal  Cone  With  J -Slots  (For  Breakdown  Measurements) 


Figure  25  compares  the  voltage  breakdown  levels  for  air  and  teflon  filled  J- 

—3 

slots  (pulse  width  1  Jis,  pulse  period  10  sec).  Minimum  breakdown  voltage  for 
the  air-filled  slot  occurred  at  about  25  W  peak;  increasing  to  about  35  W  peak  for 
the  teflon -filled  slot.  Filling  the  gap  with  dielectric  detuned  the  antenna  and  in 
order  to  retune  it,  the  gap  was  widened  and  the  operating  frequency  lowered.  Fig¬ 
ure  26  compares  minimum  breakdown  levels  of  the  same  model  but  the  pulse  width 
has  been  narrowed  to  0.3  (is.  Again,  for  the  air-filled  gap,  the  minimum  voltage 
breakdown  level  is  approximately  25  W;  for  the  teflon-filled  gap  the  voltage  rises 
to  about  40  W.  The  effects  of  different  pulse  widths  on  breakdown  levels  is  shown 
in  Figure  27  (no  change  in  breakdown  level  occurred). 


_ 


Figure  27.  Voltage  Breakdown  vs  Pressure  for  Air  Filled  Slot 
(Varying  Pulse  Widths) 


For  convenience,  the  teflon  inserts  were  individual  pieces  instead  of  a  single, 
precision  machined  piece.  Therefore,  it  is  reasonable  to  assume  that  the  mini¬ 
mum  breakdown  voltage  level  could  be  increased  if  the  J-slot  air  spaces  were  filled 
with  a  milled  insert.  Breakdown  initially  occurred  at  the  corners  between  the 
shield  and  the  edge  of  the  J-slot  (see  Figure  24), 

Interpretation  of  these  results  for  full  scale  antennas  requires  scaling  of  the 
results  to  other  frequencies,  and  also  estimating  the  gas  density  (which  deter¬ 
mines  antenna  breakdown  rather  than  pressure)  in  the  base  region.  By  estimation, 
the  gas  density  in  the  base  region  is  approximately  one-tenth  the  ambient  value  and 
the  gas  temperature  low  enough  so  that  cold  air  measurements  should  suffice. 
However,  even  though  the  assumption  is  made  that  the  ionization  rates  are  not 
changing  significantly,  the  possible  presence  of  plasma  from  the  expanding  flow 
fields  should  be  taken  into  account  by  a  safety  factor  or  by  more  tests. 

For  a  given  antenna  design,  a  plot  of  power  breakdown  threshold  vs  the  ratio 
of  gas  density  to  frequency  should  be  invariant  with  frequency.  9  Assuming  a  scale 
factor  of  three,  the  abscissa  (pressure)  of  the  graphs  would  have  to  be  decreased 
by  this  factor  to  apply  to  the  full  scale  antenna  while  the  ordinate  (power)  remains 
unchanged.  Consider  a  test  case  and  assume  an  altitude  of  50,  000  ft  (corresponding 

8.  Rotman,  W.  (1976)  Private  communication  dated  8  Jan  1976. 

9.  Taylor,  W.C.  et  al  (1971)  Voltage  breakdown  of  microwave  antennas,  Advances 

in  Microwaves,  17;Figure  9.  - 
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ambient  pressure  .  90  torr).  For  a  full-sized  antenna  the  equivalent  base  pressure 
is  nine  torr.  Using  a  factor  of  three  for  a  corresponding  model  pressure  of  27  torr 
for  the  breakdown  curve  (air  filled  gap)  in  Figure  25.  the  power  breakdown  thresh¬ 
old  is  250  W  peak.  If  an  additional  factor  (that  is.  5)  is  applied  to  account  for 

plasma  effects  and  as  a  safety  margin  the  final  result  for  an  operational  system  is 
about  50  W  peak. 


4.  CONCLUSIONS 

A  plasma  buildup  around  the  base  of  reentry  vehicles,  which  contain  base 
mounted  antennas  as  part  of  their  electromagnetic  radiation  system,  can  seriously 
affect  the  performance  of  those  antennas  by  drastically  altering  their  electrical 
characteristics. 

One  deleterious  plasma  effect  is  the  changing  of  pattern  shape  such  that  the 
implementation  of  the  vehicle  mechanism  in  order  to  accomplish  the  mission  be¬ 
comes  difficult  or.  worse,  impossible. 

This  pattern  shape  change  (caused  by  a  simulated  overdense  plasma)  is  shown 
in  the  figures  and  occurred  both  for  the  flush  mounted  cavity  slots  and  also  the 
protruding  J -slots.  Significant  filling  in  of  the  null  took  place  even  when  the  simu¬ 
lated  plasma  extended  outward  from  the  base  rim  of  the  cone  for  a  distance  which 
was  a  small  fraction  of  the  operating  wavelength.  For  example,  with  the  cavities 
(see  Figure  6)  when  the  metal  hood  extended  outward  a  distance  of  0.  15  wavelengths, 
the  null  filled  in  about  10  dB.  When  the  hood  was  further  extended  to  0.  30  wave¬ 
lengths  the  null  level  rose  approximately  18  dB  above  the  null  depth  without  the 
metal  flange.  Also  the  figures  illustrate  the  narrow  band  characteristics  of  the 
cavity  slots.  From  Figure  9,  it  is  seen  that  a  frequency  change  of  less  than  1 
percent  causes  the  null  level  to  rise  by  about  10  dB.  In  addition  to  the  change  in 
the  radiation  patterns,  the  impedance  characteristics  also  change,  as  can  be  seen 
from  the  Smith  chart  plots.  One  inevitable  consequence  of  this  impedance  mis¬ 
match  in  the  system  is  the  drop  of  transmitted  power. 

If  the  simulated  overdense  plasma  is  present,  the  radiation  patterns  of  the 
J  -slots  (fed  out  of  phase)  change  more  radically  than  do  the  radiation  patterns  of 
the  cavity  antennas.  Figure  17  shows  that  the  1  in.  -flange  causes  the  null  to  fill 
in  by  about  18  dB  and  Figure  18  shows  that  the  2  in.  -flange  peaks  the  rise  in  the 
null.  As  can  be  seen  from  the  figures  the  direction  of  the  original  patten  shapes 
reverse;  the  aft -on  null  peaking,  the  nose -on  level  dropping. 

When  the  J-slots  are  fed  in  phase,  the  effect  of  the  simulated  plasma  is  sub¬ 
dued.  The  larger  effect  occurs  with  the  inward  flared  flanges  as  can  be  seen  by 
comparing  the  patterns  in  Figures  20  and  21.  Both  flange  configurations  move  the 
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null  by  a  few  degrees  from  the  dead-on  position.  However,  the  "in"  flange  (2  in. ) 
fills  in  the  null  by  about  10  dB  whereas  the  "out"  flange  fills  it  in  by  only  5  dB. 

An  anomalous  behavior  is  shown  in  Figure  20.  in  that  the  4  in.  -  flange  lowers’the 
null  again.  Figure  23  shows  the  drastic  effect  of  the  2  in.  -  flange  in  the  input 
impedance  of  one  J-slot. 

Initial  voltage  breakdown  occurs  between  the  end  edge  of  the  J-slot  and  the 
metal  shield.  This  breakdown  level  can  be  raised  by  filling  the  J-slot  with  dielec¬ 
tric  or  widening  the  shield  gap. 
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